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(54) Variable displacement swash plate compressor 



(57) A variable displacement compressor includes 
a housing having a suction chamber (31 ). A crankcham- 
ber (15) is defined in the housing. A valve plate assem- 
bly (14) is located in the housing. A drive shaft (16) is 
supported in the housing. A radial bearing (1 9) is located 
in the housing. A holding bore (1 8) houses the rear end 
of the drive shaft (16) and the radial bearing (19). The 
holding bore (18) is connected to a holding space (40). 



A passage (41 ) connects the holding space (40) and the 
suction chamber (31). A restricting member (39) is lo- 
cated in the holding space (40). The restricting member 
(39) restricts axial movement of the drive shaft (1 6) and 
divides the holding space (40) into a first region (B) and 
a second region (A). A clearance (A) is formed between 
the restricting member (39) and the valve plate assem- 
bly (14). The clearance (A) disappears when the pres- 
sure of the crank chamber (15) is increased rapidly. 



Fig.1 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a variable dis- 
placement compressor having single-headed pistons, 
which is used, for example, in a vehicular air condition- 
ing system. 

[0002] A variable displacement swash plate clutch 
compressor shown in Fig. 8 has a solenoid clutch 101 , 
which can interrupt power transmission from a vehicular 
engine Eg. The compressor also has a displacement 
control mechanism, which can reduce the displacement 
so that the solenoid clutch is not be turned on and off 
frequently when the cooling load is low. 
[0003] The displacement control mechanism has a 
swash plate 103 connected to pistons 102 through 
shoes 1 02a. A rotary support 1 05 is fixed to a drive shaft 
1 04. The swash plate 1 03 is connected to the rotary sup- 
port 105 through a hinge mechanism 106. The swash 
plate 1 03 is housed in the crank chamber 1 07. The dif- 
ferential pressure between the crank chamber 1 07 and 
the cylinder bores 1 8 varies to change the inclination 
angle of the swash plate 1 03. As the inclination angle of 
the swash plate 1 03 is changed, the stroke of each pis- 
ton 102 is changed to change the displacement. 
[0004] For example, when the pressure of the crank 
chamber 1 07 is increased to increase the difference be- 
tween the pressure of the pressures of the cylinder bore 
108, the inclination angle of the swash plate 103 is re- 
duced, which reduces the compressor displacement. In 
Fig. 8, the swash plate 103 indicated by the broken dou- 
ble-dashed line is at the minimum inclination position, 
where it abuts against a regulating ring 109 attached to 
the drive shaft 104. When the internal pressure of the 
crank chamber 1 07 is reduced to reduce the differential 
pressure the cylinder bores 1 08, the inclination angle of 
the swash plate 103 is increased to increase the com- 
pressor displacement. 

[0005] Generally, in the step of compressing a refrig- 
erant gas, the piston 1 02, the swash plate 1 03, the hinge 
mechanism 106, the rotary support 105 and the drive 
shaft 1 04 transmit force to the internal wall surface of a 
housing 1 1 0 (leftward in Fig. 8) through a thrust bearing 
111 due to the compression load on the piston 102. 
[0006] The internal pressure of the crank chamber 
107 remains high so that the compressor can be started 
from the minimum displacement state, at which the load 
torque is minimized, even if the solenoid clutch is turned 
on soon after it is turned off. Further, control of the com- 
pressor displacement is performed to minimize the dis- 
placement, regardless of the cooling load, to reduce 
load of the engine Eg during rapid acceleration of the 
vehicle. 

[0007] When the internal pressure of the crank cham- 
ber 107 is increased rapidly to minimize the displace- 
ment, the swash plate 103 may be pressed against the 
regulating ring 109 with excessive force, or the rotary 



support 105 may be pulled strongly to the rear side of 
the compressor through the hinge mechanism 106. 
Thus, the drive shaft 1 04 is caused to slide or shift back- 
ward (rightward in Fig. 8) along the axis L. 
5 [0008] Upon such movement of the drive shaft 104, 
the top dead center position of the piston 1 02 shifts to- 
ward the valve plate 1 1 2. Therefore, the piston 1 02 may 
impinge upon the valve plate 1 1 2 when reaching the top 
dead center position. This impingement causes vibra- 
io tions and noise and may damage the pistons 1 02 or the 
valve plate 112. 

[0009] Also, when such backward movement of the 
drive shaft 1 04 takes place when the solenoid clutch 1 01 
is turned off, an armature 101a of the solenoid clutch 
is 101 moves toward a rotor 1 01 b to eliminate a clearance 
between the armature 101a and the rotor 101b or to 
bring the armature 1 01 a into contact with the rotor 1 01 b, 
which causes rattling or vibration and unnecessary pow- 
er transmission. 
20 [0010] To solve the above problems, a spring 113 is 
located between the housing 110 and the drive shaft 
104. The spring 113 urges the drive shaft 104 axialfy 
forward. 

[0011] Japanese Unexamined Patent Publication No. 
25 Hei 1 1 -62824 discloses a compressor having a restrict- 
ing memberfor restricting axial shifting of the drive shaft. 
The restricting member is located in a hole in which the 
rear end of the drive shaft is fitted. The hole communi- 
cates with a suction chamberthrough a space. A sealing 
30 member, which prevents communication between a 
crank chamber and the space through the hole is ap- 
plied around the rear end of the drive shaft. 
[0012] To securely prevent backward axial shifting of 
the drive shaft 1 04 shown in Fig. 8, it is essential to use 
35 a very stiff spring 1 1 3. As a result, the thrust bearing 1 1 1 
receives a great load from the spring 113, which reduces 
the life of the thrust bearing 111 and increases the power 
loss of the compressor at the thrust bearing 111 . The 
increased power loss adversely affects the fuel con- 
40 sumption rate of the engine Eg that drives the compres- 
sor. 

[0013] In the compressor disclosed in Japanese Un- 
examined Patent Publication No. Hei 11 -62824, a seal- 
ing member is located in the hole in which the rear end 
45 of a drive shaft is supported. The sealing member pre- 
vents entry of refrigerant into the hole. Therefore, lubri- 
cant cannot be supplied fully to the radial bearing, which 
shortens the life of the bearing. 

50 BRIEF SUMMARY OF THE INVENTION 



[0014] It is an object of the present invention to pro- 
vide a variable displacement compressor having a sim- 
ple constitution and being capable of maintaining suffi- 
55 cient lubrication of the radial bearing. 

[0015] To achieve the above objective, the present in- 
vention provides a variable displacement compressor. 
The compressor comprises a housing having a suction 
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chamber and a discharge chamber. A crank chamber is 
defined in the housing. A drive shaft has a front end and 
a rear end. The shaft is supported in the housing so that 
the front end protrudes from the housing. A cylinder 
block forms part of the housing. Cylinder bores are de- 
fined in the cylinder block. A valve plate assembly in- 
cludes a suction port, a suction valve, a discharge port 
and a discharge valve for each cylinder bore. Single- 
headed pistons are housed in the cylinder bores, re- 
spectively. A drive plate is housed in the crank chamber 
and is connected to the pistons to convert rotation of the 
drive shaft into reciprocating motion of the pistons. The 
drive plate rotates integrally with the drive shaft. A con- 
trol mechanism controls inclination of the drive plate by 
controlling the pressure of the crank chamber to change 
the volume of a refrigerant discharged from each cylin- 
der bore into the discharge chamber. A radial bearing 
supports the rear end of the drive shaft. The refrigerant 
flows through the radial bearing. A holding bore houses 
the rear end of the drive shaft and the radial bearing. 
The holding bore is connected to a holding space. The 
holding space is defined by the valve plate assembly. A 
passage connects the holding space and the suction 
chamber. A restricting member is located in the holding 
space. The restricting member restricts axial movement 
of the drive shaft and divides the holding space into a 
first region and a second region. The first region and the 
second region communicate with each other. A clear- 
ance is formed between the drive shaft and the restrict- 
ing member or between the restricting member and the 
valve plate assembly in a normal compressing opera- 
tion . The clearance disappears when the pressure of the 
crank chamber is increased rapidly by the control mech- 
anism. 

[001 6] The present invention also provides a variable 
displacement compressor. The compressor comprises 
a housing having a suction chamber and a discharge 
chamber. A crank chamber is defined in the housing. A 
drive shaft has a front end and a rear end. The shaft is 
supported in the housing so that the front end protrudes 
from the housing. A cylinder block forms part of the 
housing. Cylinder bores are defined in the cylinder 
block. A valve plate assembly includes a suction port, a 
suction valve, a discharge port and a discharge valve 
for each cylinder bore. Single-headed pistons are 
housed in the cylinder bores, respectively. A drive plate 
is housed in the crank chamber and is connected to the 
pistons to convert rotation of the drive shaft into recip- 
rocating motion of the pistons. The drive plate rotates 
integrally with the drive shaft. A control mechanism con- 
trols inclination of the drive plate by controlling the pres- 
sure of the crank chamber to change the volume of a 
refrigerant discharged from each cylinder bore into the 
discharge chamber. A radial bearing supports the rear 
end of the drive shaft. The refrigerant flows through the 
radial bearing. A holding bore houses the rear end of 
the drive shaft and the radial bearing. The holding bore 
is connected to a holding space. The holding space is 



defined by the valve plate assembly. The holding space 
is connected to the suction chamber. Means for restrict- 
ing restricts axial movement of the drive shaft. The re- 
stricting means are located in the holding space and di- 

s vides the holding space into a first region and a second 
region. A clearance is formed between the drive shaft 
and the restricting means or between the restricting 
means and the valve plate assembly in a normal com- 
pressing operation. The clearance disappears when the 

10 pressure of the crank chamber is increased rapidly by 
the control mechanism. A passage connects the first re- 
gion to the second region. 

[0017] The present invention also provides a variable 
displacement compressor. The compressor comprises 
'5 a housing having a suction chamber and a discharge 
chamber. A crank chamber is defined in the housing. A 
drive shaft has a front end and a rear end. The shaft is 
supported in the housing so that the front end protrudes 
from the housing. A cylinder block forms part of the 
20 housing. Cylinder bores are defined in the cylinder 
block. A valve plate assembly includes a suction port, a 
suction valve, a discharge port and a discharge valve 
for each cylinder bore. Single-headed pistons are 
housed in the cylinder bores, respectively. A drive plate 
25 is housed in the crank chamber and is connected to the 
pistons to convert rotation of the drive shaft into recip- 
rocating motion of the pistons. The drive plate rotates 
integrally with the drive shaft. A control mechanism con- 
trols inclination of the drive plate by controlling the pres- 
to sure of the crank chamber to change the volume of a 
refrigerant discharged from each cylinder bore into the 
discharge chamber. A radial bearing supports the rear 
end of the drive shaft. The refrigerant flows through the 
radial bearing. A holding bore houses the rear end of 
35 the drive shaft and the radial bearing. The holding bore 
is connected to a holding space. The holding space is 
defined by the valve plate assembly. A passage con- 
nects the holding space and the suction chamber. A cy- 
lindrical body is located in the holding space. One end 
40 of the cylindrical body is fixed to the drive shaft, and the 
other end of the cylindrical body abuts against the valve 
plate assembly. The cylindrical body restricts axial 
movement of the drive shaft and divides the holding 
space into a first region and a second region. The cylin- 
45 drical body has a hole to connect the first region to the 
second region. A clearance is formed between the drive 
shaft and the cylindrical body or between the cylindrical 
body and the valve plate assembly in a normal com- 
pressing operation. The clearance disappears when the 
50 internal pressure of the crank chamber is increased rap- 
idly by the control mechanism. 

[001 8] Other aspects and advantages of the invention 
will become apparent from the following description , tak- 
en in conjunction with the accompanying drawings, il- 
55 lustrating by way of examples the principles of the in- 
vention. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

[0019] The invention together with objects and advan- 
tages thereof, may best be understood by reference to 
the following description of the presently preferred em- 
bodiments together with the accompanying drawings in 
which: 

Fig. 1 is a cross-sectional view of the variable dis- 
placement compressor according to a first embod- 
iment of the present invention; 

Fig. 2(a) is an enlarged partial cross-sectional view 
of the compressor shown in Fig. 1 ; 

Fig. 2(b) is an enlarged cross-sectional view show- 
ing actions of the passage at the portion shown in 
Fig. 2(a); 

Fig. 3(a) is an enlarged partial cross-sectional view 
of the compressor according to a second embodi- 
ment of the present invention, showing a portion 
corresponding to that in Fig. 2(a); 

Fig. 3(b) is a cross-sectional view taken along the 
line 3b-3b in Fig. 3(a); 

Fig. 4 is an enlarged cross-sectional view showing 
actions of the passage at the portion shown in Fig. 
3(a); 

Fig. 5(a) is an enlarged cross-sectional view of the 
compressor according to a third embodiment of the 
present invention, showing a portion corresponding 
to that in Fig. 2(a); 

Fig. 5(b) is a cross-sectional view taken along the 
line 5b-5b in Fig. 5(a); 

Fig. 6 is an enlarged cross-sectional view showing 
actions of the passage at the portion shown in Fig. 
5(a); 

Fj 9- 7 (a) is an enlarged cross-sectional view of the 
compressor according to a fourth embodiment of 
the present invention, showing a portion corre- 
sponding to that in Fig. 2(a); 

Fj 9 7(b) is an enlarged cross-sectional view of the i 
compressor according to a fifth embodiment of the 
present invention, showing a portion corresponding 
to that in Fig. 2(a); and 

Fig. 8 is a cross-sectional view of a variable dis- ^ 
placement compressor of the prior art. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0020] The variable displacement compressor ac- 
5 cording to the first embodiment of the present invention 
is part of a vehicular air conditioning system and is de- 
scribed below referring to Figs. 1 and 2(b). 
[0021] As shown in Fig. 1 , a front housing member 11 
is connected to the front end of a cylinder block 12. A 
10 rear housing member 1 3 is connected to the rear end of 
the cylinder block 1 2 through a valve plate assembly 1 4. 
The front housing member 1 1 , the cylinder block 1 2 and 
the rear housing member 13 are fastened together with 
through-bolts (not shown). The front housing member 
1 * 11, the cylinder block 1 2 and the rear housing member 
13 form a housing of the compressor. The left side and 
the right side in Fig. 1 correspond to the front end and 
the rear end, respectively. 

[0022] The valve plate assembly 14 includes a main 
20 plate 1 4a, a first sub plate 1 4b, a second sub plate 1 4c 
and a retainer plate 1 4d. The first sub plate 1 4b and the 
second sub plate 14c are superposed on the front side 
and on the rear side of the main plate 14a, respectively. 
The retainer plate 14d is superposed on the rear side of 
25 the second sub plate 14c. The first sub plate 14b of the 
valve plate assembly 14 is connected to the cylinder 
block 12. 

[0023] A crank chamber 15 is defined between the 
front housing member 11 and the cylinder block 12. A 
drive shaft 16 passes through the crank chamber 15. 
The drive shaft 1 6 is supported between the front hous- 
ing member 11 and the cylinder block 12, and the front 
end of the drive shaft 1 6 extends from the housing. The 
front end of the drive shaft 16 is supported in the front 
housing member 11 by a first radial bearing 17. A hold- 
ing bore 18 is defined substantially at the center of the 
cylinder block 12. The rear end of the drive shaft 16 is 
supported by a second radial bearing 19 located in the 
holding bore 18. A shaft sealing device 20 is applied 
40 around the front end of the drive shaft 16. The device 
20 prevents leakage of refrigerant. 
[0024] A plurality of cylinder bores 1 2a (only one cyl- 
inder bore is shown in Fig. 1 ) are defined in the cylinder 
block 1 2. The cylinder bores 1 2a are defined at equian- 
45 gular intervals around the axis L of the drive shaft 16. 
Single-headed pistons 21 are housed in the cylinder 
bores 12a. Openings of each cylinder bore 12a are 
closed by the valve plate assembly 14 and the corre- 
sponding piston 21 . A compression chamber 22 is de- 
50 fined in each cylinder bore 12a. The volume of each 
compression chamber 22 varies as the corresponding 
piston 21 reciprocates. 

[0025] In the crank chamber 15, a lug plate 23 is fixed 
to and rotates integrally with the drive shaft 16. A thrust 
55 bearing 24 is located between the lug plate 23 and the 
internal wall surface 11a of the front housing member 
11. The internal wall surface 11a bears the load of the 
compressive reaction force of the pistons 21 and func- 
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tlons as a regulating surface that regulates axial move- 
ment of the drive shaft 1 6. 

[0026] A swash plate 25, or drive plate, is housed in 
the crank chamber 1 5. The swash plate 25 is supported 
such that it slides and on and inclines with respect to the 
drive shaft 16. A hinge mechanism 26 is located be- 
tween the lug plate 23 and the swash plate 25. The 
swash plate 25 is connected to the lug plate 23 through 
the hinge mechanism 26 and to the drive shaft 16. The 
swash plate 25 rotates synchronously with the lug plate 
23 and the drive shaft 16. 

[0027] The pistons 21 are connected to the periphery 
of the swash plate 25 through shoes 27, respectively. 
Thus, the swash plate 25 is rotated by the drive shaft 
16, and the rotational motion of the swash plate 25 is 
converted to reciprocating motions of the pistons 21 
through the shoes 27. 

[0028] A regulating ring 28 is fitted to the drive shaft 
16 between the swash plate 25 and the cylinder block 
12. The minimum inclination angle of the swash plate 
25, as indicated by the broken double-dashed line in Fig. 
1 , is determined by abutment of the swash plate 25 
against the regulating ring 28. The maximum inclination 
angle of the swash plate 25, as indicated by the solid 
line in Fig. 1 , is determined by abutment against the lug 
plate 23. 

[0029] The drive shaft 1 6 is connected to an engine 

30 through a power transmission mechanism 29. The 
power transmission mechanism 29 may be a clutch 
mechanism (e.g., a solenoid clutch), which transmits or 
interrupts of power according to an external electrical 
controller, or a normally transmitting type clutchless 
mechanism (e.g., a belt/pulley combination). Here, in 
this embodiment, a clutchless power transmission 
mechanism 29 is employed. 

[0030] A suction chamber 31 is defined in the rear 
housing member 1 3. A discharge chamber 32 is defined 
in the rear housing member 1 3 at a position radially out- 
ward from the suction chamber 31 . The valve plate as- 
sembly 1 4 has, for each cylinder bore 1 2a, a suction port 
33, a suction valve 34 for opening and closing the suc- 
tion port 33, a discharge port 35 and a discharge valve 
36 for opening and closing the discharge port 35. The 
suction chamber 31 communicates with the cylinder 
bores 12a through the suction ports 33. The discharge 
chamber 32 communicates with the cylinder bores 12a 
through the discharge ports 35. The suction chamber 

31 and the discharge chamber 32 are connected to each 
other through an external refrigerant circuit (not shown). 
[0031] The cylinder block 12 and the rear housing 
member 1 3 contain an gas supply passage 37 that con- 
nects the crank chamber 1 5 and the discharge chamber 
32. A control valve 38, which is a solenoid valve, is lo- 
cated in the gas supply passage 37. The control valve 
38 has a valve chamber forming part of the gas supply 
passage 37. Energization of a solenoid 38a opens the 
gas supply passage 37, and deenergization of the sole- 
noid 38a closes the gas supply passage 37. Further, the 



opening degree of the gas supply passage 37 is adjust- 
ed depending on the level of the current energizing the 
solenoid 38a. 

[0032] A holding space 40 is defined behind the hold- 
5 ing bore 18. A restricting member 39 is housed in the 
holding space 40. The restricting member 39 restricts 
backward movement of the drive shaft 16. The holding 
space 40 is connected at one end the holding bore 18 
and is closed at the other end by the valve plate assem- 
io bly 14. The holding space 40 and the suction chamber 
31 communicate with each other through a passage 41 
defined in the valve plate assembly 1 4. The passage 41 
is aligned with the axis L of the drive shaft 16. 
[0033] The drive shaft 1 6 has an axial passage 42 that 

'5 connects the holding space 40 and the crank chamber 
15. An inlet 42a and an outlet 42b of the axial passage 
42 open at the rear of the first radial bearing 1 7 and to 
the rear end face of the drive shaft 1 6, respectively. The 
axial passage 42, the holding bore 1 8, the holding space 

20 40 and the passage 41 form a bleed passage for con- 
necting the crank chamber 1 5 and the suction chamber 
31 . The passage 41 functions as a restrictor. 
[0034] The restricting member 39, which is a cylindri- 
cal, is fixed to the rear end of the drive shaft 16. The 

25 restricting member 39 is designed to have an outside 
diameter that is smaller than the inside diameter of the 
second radial bearing 1 9, and the restriction member 39 
is fixed to a small-diameter portion 1 6a formed at the 
rear end of the drive shaft 16. 

30 [0035] As shown in Fig. 2(b), in a normal compressing 
operation, a small clearance A is defined between the 
restricting member 39 and the valve plate assembly 1 4. 
When the internal pressure of the crank chamber 15 is 
increased suddenly, the clearance A disappears, and 

35 backward movement of the drive shaft 1 6 is restricted. 
The clearance A is, for example, about 0.1 mm. This 
clearance A is smaller than the clearance between the 
piston 21 at the top dead center position and the valve 
plate assembly 14. 

40 [0036] As shown in Figs. 2(a) and 2(b), the restricting 
member 39 divides the holding space 40 into a first re- 
gion A and a second region B. The resistance of the re- 
frigerant gas passing from the second region B to the 
first region A through the clearance A is greater than the 

45 resistance of the refrigerant gas flowing from the crank 
chamber 15 through the second radial bearing 19 into 
the holding space 40. 

[0037] A plurality of holes 43 are defined in the re- 
stricting member 39 to form passages connecting the 
50 first region A and the second region B. The holes 43 are 
defined such that the resistance of the refrigerant gas 
passing through is smallerthan that passing through the 
second radial bearing 1 9. 

[0038] The operation of the compressor described 
55 above will be described below. 

[0039] When the drive shaft 16 is rotated, the swash 
plate 25 is rotated integrally through the lug plate 23 and 
the hinge mechanism 26, and the rotation of the swash 
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plate 25 is converted into reciprocating motion of the pis- 
tons 21 through the shoes 27. Consequently, suction, 
compression and discharge of the refrigerant are re- 
peated sequentially in each compression chamber 22. 
Refrigerant supplied from an external refrigerant circuit 
into the suction chamber 31 is drawn through the suction 
port 33 into the compression chamber 22. Travel of the 
piston 21 to the top dead center compresses the refrig- 
erant in the compression chamber 22 to a predeter- 
mined pressure and discharges the compressed refrig- 
erant through the discharge port 35 into the discharge 
chamber 32. The refrigerant discharged into the dis- 
charge chamber 32 is fed through a discharge passage 
to the external refrigerant circuit. 
[0040] A controller (not shown) adjusts the valve po- 
sition of the control valve 38, i.e., the opening degree of 
the gas supply passage 37, depending on the cooling 
load. As a result, the flow rate of gas between the dis- 
charge chamber 32 and the crank chamber 15 is 
changed. 

[0041] When the cooling load is high, the opening de- 
gree of the gas supply passage 37 is reduced to reduce 
the flow rate of the refrigerant gas supplied from the dis- 
charge chamber 32 into the crank chamber 15. When 
the amount of refrigerant gas supplied to the crank 
chamber 15 decreases, the internal pressure of the 
crank chamber 15 is reduced gradually due to the re- 
lease of refrigerant gas through the axial passage 42 
into the suction chamber 31 . Thus, the differential pres- 
sure between the pressure of the crank chamber 15 and 
that of the cylinder bore 12a decreases, which moves 
the swash plate 25 to the maximum inclination position. 
Therefore, the stroke of the piston 21 is increased, which 
increases the displacement. 

[0042] When the cooling load is low, the control valve 
38 is opened to increase the flow rate of refrigerant gas 
from the discharge chamber 32 into the crank chamber 
1 5. If the amount of refrigerant gas supplied to the crank 
chamber 15 exceeds the flow rate of refrigerant gas 
flowing out through the axial passage 42 into the suction 
chamber 31 , the internal pressure of the crank chamber 
15 increases gradually. Thus, the differential pressure 
between the crank chamber 15 and the cylinder bore 
12a increases, which moves the swash plate 25 to the 
minimum inclination angle position. This reduces the - 
stroke of each piston 21 , and reduces the displacement. 
[0043] The compression load of the refrigerant gas 
acting upon each piston 21 is applied to the internal wall 
surface 1 1 a of the front housing member 1 1 through the 
shoes 27, the swash plate 25, the hinge mechanism 26, t 
the lug plate 23 and the thrust bearing 24. Generally, in 
the compressing operation, forward movement of the 
drive shaft 1 6, the swash plate 25, the lug plate 23, and 
the pistons 21 along the axis L is restricted by the inter- 
nal wall surface 11a of the front housing member 11 s 
through the thrust bearing 24. When the wall surface 1 1 a 
restricts the forward axial movement of the drive shaft 
1 6, a clearance A exists between the restricting member 



39 and the valve plate assembly 14. Accordingly, the 
restricting member 39 does not interfere with the rota- 
tion of the drive shaft 16. 

[0044] When the compressor is operating at the max- 
imum displacement and is subjected to displacement re- 
stricting control, the control valve 38 causes the gas 
supply passage 37 to open suddenly from a closed 
state. Thus, the highpressure refrigerant in the dis- 
charge chamber 32 is supplied rapidly to the crank 
chamber 15. The pressure of the crank chamber 15 in- 
creases rapidly, since additional refrigerant can not be 
rapidly through the axial passage 42. The sudden in- 
crease in the pressure of the crank chamber 15 rapidly 
reduces the inclination angle of the swash plate 25. This 
causes the swash plate 25 (indicated by the broken dou- 
ble-dashed line in Fig. 1 ) to be pressed against the reg- 
ulating ring 28 with an excessive force, which pulls the 
lug plate 23 strongly backward through the hinge mech- 
anism 26. Thus, the drive shaft 16 slides backward 
along the axis L. The restricting member 39 thus abuts 
against the valve plate assembly 1 4 to restrict backward 
movement of the drive shaft 1 6. Therefore, the distal end 
of the piston 21 is prevented from connecting the valve 
plate assembly when the piston 21 reaches the top dead 
25 center position. 

[0045] During rotation of the drive shaft 16, some re- 
frigerant flows from the passage 41 into the suction 
chamber 31 through the axial passage 42 and the hold- 
ing space 40 due to the differential pressure between 
30 the crank chamber 1 5 and the suction chamber 31 . At- 
omized lubricant in the refrigerant lubricates the thrust 
bearing 24 and the first radial bearing 1 7. 
[0046] Some of the refrigerant gas in the crank cham- 
ber 15 flows through the second radial bearing 19 into 
35 the second region B of the holding space 40. The sec- 
ond radial bearing 19 is lubricated by the atomized lu- 
bricant contained in the refrigerant flowing from the 
crank chamber 15 toward the holding space 40. During 
normal operation of the compressor, there is a very 
to small clearance A present between the restricting mem- 
ber 39 and the valve plate assembly 14. If the second 
region B and the first region A could communicate with 
each other only through the clearance A, the refrigerant 
would not move smoothly from the second region B to 
'5 the first region A. Thus, the amount of refrigerant pass- 
ing through the second radial bearing 19 would de- 
crease and the second radial bearing 19 would not be 
adequately lubricated. Particularly, in the case of clutch- 
less compressors, the second radial bearing 19 is lubri- 
o cated insufficiently during minimum displacement oper- 
ation. 

[0047] However, in this embodiment, the restricting 
member 39 includes the holes 43, and the refrigerant 
thus passes from the second region B to the first region 
5 A smoothly. As a result, the refrigerant flowing from the 
crank chamber 15 toward the holding space 40 through 
the second radial bearing 19 thoroughly lubricates the 
second radial bearing 1 9. 
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[0048] This embodiment has the following effects. 
[0049] A reduction in the amount of refrigerant pass- 
ing through the second radial bearing 19 is avoided by 
forming holes 43 between the first region A and the sec- 
ond region B. Thus, impingement of the pistons 21 
against the valve plate assembly 1 4 caused by back- 
ward movement of the drive shaft 16 is avoided,. even 
in the absence of the spring 113 shown in Fig. 8. Further, 
the second radial bearing 19 is thoroughly lubricated. In 
addition, the load acting upon the thrust bearing 24 is 
reduced compared with constitution compressors that 
employ the spring 113. This reduces friction and thus 
reduces the power loss of the compressor, which im- 
proves the fuel consumption of the engine 30. The 
present invention has a particularly significant effect in 
clutch less compressors. 

[0050] Use of the restricting member 39 in which 
holes 43 are formed permits thorough lubrication of the 
second radial bearing 1 9 and restricts backward move- 
ment of the drive shaft 1 6. The number and the diameter 
of the holes 43 can be changed arbitrarily. 
[0051 ] The restricting member 39 is fitted on the drive 
shaft 16. Therefore, the assembly is simple. 
[0052] The outside diameter of the restricting member 
39 is smaller than the inside diameter of the second ra- 
dial bearing 1 9. Therefore, during assembly of the com- 
pressor, the restricting member 39 can be installed in 
the compressor after it is fitted on the drive shaft 1 6. This 
facilitates assembly. 

[0053] The holding space 40 is located between the 
holding bore 1 8 and the valve plate assembly 1 4. There- 
fore, the space used for housing the spring 113 shown 
in Fig. 8 is used as the holding space 40. Thus, space 
for the restricting member 39 is available, and there is 
no need to enlarge the compressor. 
[0054] A second embodiment will be described refer- 
ring to Figs. 3(a) to 4. This embodiment has the same 
construction as in the embodiment shown in Figs. 1 to 
2(b), except that the passages between the second re- 
gion B and the first region A are different from that in the 
foregoing embodiment. Therefore, the same or like 
parts as in the embodiment shown in Figs. 1 to 2(b) are 
affixed with the same reference numbers respectively, 
and a detailed description of them will be omitted. 
[0055] A cross-shaped hole 44 is defined in the first 
sub plate 14b of the valve plate assembly 14. The hole 
44 is defined when forming of the suction valve 34 by 
using different press dies. 

[0056] As shown in Fig. 4, the clearance between the 
restricting member 39 and the valve plate assembly 14 
corresponds to the clearance A shown in Fig. 2(b). The 
size of the clearance between opposing parts of the re- 
stricting member 39 and the hole 44 is the sum of the 
clearance A and the thickness t of the first sub plate 1 4b. 
The refrigerant flows smoothly from the second region 
B into the first region A through this clearance A + 1). 
[0057] This embodiment has the following effects in 
addition to those of the embodiment shown in Figs. 1 to 



2(b). 

[0058] The hole 44 can be defined simultaneously 
when the first sub plate 14b is formed by slightly chang- 
ing the dies used for forming the first sub plate 1 4b. Fur- 

5 ther, the passage between the second region B and the 
first region A can be defined easily, which reduces costs 
compared with the case where the holes 43 are defined 
in the restricting member 39 by drilling or the like. 
[0059] This embodiment may be modified as follows. 

10 [0060] If the passage connecting the second region B 
and the first region A is defined in the valve plate as- 
sembly 14, both the first sub plate 14b and the main 
plate 14a may be machined. For example, as in a third 
embodiment shown in Figs. 5(a), 5(b) and 6, a circular 

15 first hole 45 and a plurality of second holes (four holes 
in this embodiment) 46 are defined in the first sub plate 
14b. The first hole 45 is defined concentrically with the 
passage 41 and has a diameter smaller than the inside 
diameter of the restricting member 39. The second hole 

20 46 is defined radially outside of the restricting member 
39. 

[0061] As shown in Figs. 5(a) and 5(b), four elliptic 
recesses 47 are defined in the main plate 14a. The re- 
cesses 47 connect the first hole 45 to the second holes 

25 46. In this embodiment, the first hole 45, the second 
holes 46 and the recesses 47 define the passage be- 
tween the second region B and the first region A. The 
first hole 45 and the second holes 46 are formed when 
the suction valve 34 is formed in the first sub plate 14b, 

30 and the recesses 47 are formed when forming the suc- 
tion ports 33, discharge ports 35, etc. in the main plate 
14a. Therefore, this embodiment has the same effects 
as in the embodiment shown in Figs. 3(a) to 4. 
[0062] In the embodiment shown in Figs. 3(a) to 4, in 

35 the state where the restricting member 39 is abutted 
against the valve plate assembly 1 4, the end face of the 
restricting member 39 is brought into direct contact with 
the periphery of the hole 44. In the embodiment shown 
in Figs. 5(a), 5(b) and 6, in the state where the restricting 

40 member 39 is abutted against the valve plate assembly 
14, the restricting member 39 is not engaged with the 
passage defined in the valve plate assembly 14. 
[0063] Instead of fitting the restricting member 39 to 
the small-diameter rear end portion of the drive shaft 1 6 , 

45 the diameter of the outlet 42a of the axial passage 42 
may be increased so that the restricting member 39 can 
be fitted in the axial passage 42. In this case, the effects 
of the embodiments shown in Figs. 1 to 6 can be ob- 
tained. 

so [0064] The passage between the second region B 
and the first region A may be defined in the drive shaft 
16. 

[0065] The restricting member 39 may be formed in- 
tegrally at the rear end portion of the drive shaft 1 6. That 
55 is, the rear end of the drive shaft 16 is abutted directly 
against the valve plate assembly 14, and a hole 43 is 
defined in the rear end of the drive shaft 16. 
[0066] The cylindrical restricting member 39 may be 
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press fitted in the holding space 40. For example, as in 
a fourth embodiment shown in Fig. 7(a), in the state 
where the drive shaft 16 is urged forward by the com- 
pressive reaction force, the restricting member 39 is 
fixed such that a clearance A is defined between the re- 
stricting member 39 and the rear end of the drive shaft 
16. The restricting member 39 is fixed in the holding 
space 40 such that a sufficient distance exists between 
the valve plate assembly 14 and the restricting member 
39. 

[0067] A first hole 48 is defined at the center of the 
restricting member 39. A plurality of second holes 49 
are defined as passages between the second region B 
and the first region A. This eliminates the need for fixing 
the restricting member 39 to the drive shaft 16 and for 
machining the valve plate assembly 14, and only the re- 
stricting member 39 is machined. 
[0068] In a fifth embodiment shown in Fig. 7(b), a 
groove 50 is formed as the passage in the cylinder block 
12. In this case, the degree of freedom in the size of the 
passage is increased compared with the embodiments 
where the passage is defined in the restricting member 
39, and the groove 50 can be formed when forming the 
cylinder block 12, which simplifies the formation the re- 
stricting member 39. 

[0069] The axial passage 42 need not be defined in 
the drive shaft 1 6, but a bleed passage (not shown) may 
be defined separately in the cylinder block 12. In this 
case, the holding space 40 is allowed to communicate 
with the suction chamber 31 to permit flow of the refrig- 
erant into it and to lubricate the second radial bearing 1 9. 
[0070] The present invention may be employed where 
power transmission from the drive source to the drive 
shaft 16 is achieved through a solenoid clutch. In this 
case, the clearance defined between the rotor of the so- 
lenoid clutch and the armature, when the solenoid is off, 
is larger than the clearance A between the restricting 
member 39 and the valve plate assembly 1 4 or between 
the restricting member 39 and the rear end face of the 
drive shaft 1 6. Therefore, even if the value of clearance 
A is not changed, the rotor and the armature do not in- 
terfere with each other when the solenoid clutch is off. 
[0071] The present invention may be applied to a 
wobble compressor in which the drive plate rotates rel- 
ative to the drive shaft. 

[0072] The control valve 38 for adjusting the opening 
degree of the air supply passage is not limited to the 
solenoid valve. The control valve 38 may be, for exam- 
ple, one disclosed in Japanese Unexamined Patent 
Publication No. Hei 6-123281, which has a diaphragm 
that moves according to the suction pressure and a 
valve mechanism for controlling the opening degree of 
the air supply passage according to the position of the 
diaphragm. However, an externally controllable sole- 
noid valve is preferred in a clutchless compressor. 
[0073] The drive source is not limited to the engine 30 
but may be a motor. 

[0074] It should be apparent to those skilled in the art 



that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 
ing forms. 

[0075] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
strictive, and the invention is not to be limited to the de- 
tails given herein, but may be modified within the scope 
of the appended claims. 

[0076] A variable displacement compressor includes 
a housing having a suction chamber (31 ). A crank cham- 
ber (15) is defined in the housing. A valve plate assem- 
bly (14) is located in the housing. A drive shaft (16) is 
supported in the housing. A radial bearing (1 9) is located 
in the housing. A holding bore (18) houses the rear end 
of the drive shaft (16) and the radial bearing (1 9). The 
holding bore (18) is connected to a holding space (40). 
A passage (41 ) connects the holding space (40) and the 
suction chamber (31). A restricting member (39) is lo- 
cated in the holding space (40). The restricting member 
(39) restricts axial movement of the drive shaft (1 6) and 
divides the holding space (40) into a first region (B) and 
a second region (A). A clearance (A) is formed between 
the restricting member (39) and the valve plate assem- 
bly (14). The clearance (A) disappears when the pres- 
sure of the crank chamber (15) is increased rapidly. 



30 Claims 



1 . A variable displacement compressor comprising: 
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15 



20 



25 



35 



40 



45 



50 



55 



a housing having a suction chamber (31) and 
a discharge chamber (32); 
a crank chamber (15) defined in the housing; 
a drive shaft (16) having a front end and a rear 
end, the shaft being supported in the housing 
so that the front end protrudes from the hous- 
ing; 

a cylinder block (12) forming part of the hous- 
ing, wherein cylinder bores (1 2a) are defined in 
the cylinder block (12); 

a valve plate assembly (14), which includes a 
suction port (33), a suction valve (34), a dis- 
charge port (35) and a discharge valve (36) for 
each cylinder bore (12a); 
single-headed pistons (21) housed in the cylin- 
der bores (1 2a), respectively; 
a drive plate (25), which is housed in the crank 
chamber (15) and is connected to the pistons 
(21) to convert rotation of the drive shaft (16) 
into reciprocating motion of the pistons (21), 
wherein the drive plate (25) rotates integrally 
with the drive shaft (1 6); 
a control mechanism (38), which controls incli- 
nation of the drive plate (25) by controlling the 
pressure of the crank chamber (15) to change 
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the volume of a refrigerant discharged from 
each cylinder bore into the discharge chamber 
(32); 

a radial bearing (1 9) supporting the rear end of 
the drive shaft (16), wherein the refrigerant 5 
flows through the radial bearing (19); 
a holding bore (1 8), in which the rear end of the 
drive shaft (16) and the radial bearing (19) are 
located, wherein the holding bore (18) is con- 
nected to a holding space (40), and the holding 10 
space (40) is defined by the valve plate assem- 
bly (14); 

a passage (41) connecting the holding space 
(40) and the suction chamber (31), the com- 
pressor being characterized by: 15 

a restricting member (39) located in the 
holding space (40), wherein the restricting 
member (39) restricts axial movement of 
the drive shaft (1 6) and divides the holding 20 
space (40) into a first region (B) and a sec- 
ond region (A), and the first region (B) and 
the second region (A) communicate with 
each other, wherein a clearance (A) is 
formed between the drive shaft (16) and 25 
the restricting member (39) or between the 
restricting member (39) and the valve plate 
assembly (1 4) in a normal compressing op- 
eration, and the clearance (A) disappears 
when the pressure of the crank chamber 30 
(15) Is increased rapidly by the control 
mechanism (38). 



(A). 

6. The variable displacement compressor according 
to Claim 5, characterized in that the valve plate 
assembly (14) has a first sub plate (14b), a second 
sub plate (14c) and a main plate (14a), wherein the 
main plate ( 1 4a) is located between the first and the 
second subplates (14b, 14c), and the passage (44) 
is defined in the first sub plate (14b). 

7. The variable displacement compressor according 
to Claim 5, characterized in that the valve plate 
assembly (14) has a first sub plate, a second sub 
plate and a (14) has a first sub plate (14b), a second 
sub plate (14c) and a main plate (14a), wherein the 
main plate (14a) is located between the first and the 
second subplates (14b, 14c), and the passage (46, 
47) is defined in the main plate (14a) and the first 
sub plate (14b). 

8. The variable displacement compressor according 
to any one of Claims 1 to 4, characterized in that 
the restricting member (39) is press fitted into the 
holding space (40) such that a predetermined clear- 
ance exists between the restricting member (39) 
and the valve plate assembly (14). 

9. The variable displacement compressor according 
to Claim 8, characterized in that a passage (50) is 
defined in the cylinder block (12) between the first 
region (B) and the second region (A). 



7. 



The variable displacement compressor according 
to Claim 1 , characterized in that the resistance of 35 
the refrigerant when it passes from the first region 
(B) to the second region (A) is less than that when 
the refrigerant passes through the radial bearing 
(19). 

40 

The variable displacement compressor according 
to Claims 1 or 2, characterized in that the restrict- 
ing member (39) has a cylindrical shape, and one 
end of the restricting member (39) is fixed to the 
drive shaft (16), and the other end of the restricting 45 
member (39) abuts against the valve plate assem- 
bly (14). 



The variable displacement compressor according 
to any one of Claims 1 to 3, characterized in that 50 
a hole (43, 48, 49) is defined in the restricting mem- 
ber (39) to connect the first region (B) and the sec- 
ond region (A). 

The variable displacement compressor according 55 
to Claim 3, characterized in that a passage (44, 
46, 47) is defined in the valve plate assembly (14) 
to connect the first region (B) and the second region 
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